The development by Smithies (1955a) of starch gel as a medium for the electrophoresis of protein material marked an important advance, as it combines separation by electrical mobility with a form of pore filtration.
Smithies (1955b) has been able to obtain 12 or more protein fractions from human serum with his one-dimensional technique and equally remarkable separation has been obtained with animal sera (Ashton, 1957 ; Latner and Zaki, 1957) .
Applying this technique to the study of the abnormal proteins of multiple myeloma, BenceJones protein, which behaves as a single entity on paper electrophoresis, can often be resolved into two or more components in starch gel. There are a few reports in the literature of the occurrence of more than one abnormal electrophoretic fraction in the urine (Putnam and Stelos, 1953; Soulier, 1953; Wunderley and Caspani, 1954; ten Thije, 1956; Vis and Crokaert, 1956; Cummings, 1957; Gobert-Jones, 1957; Owen, 1957; Woodliff, Ainsworth, and Flemans, 1958) . However, most electrophoretic studies have shown only a single abnormal protein, with or without albumin and normal serum globulins (Gutman, Moore, Gutman, McClellan, and Kabat, 1941; Moore, Kabat, and Gutman, 1943; Rundles, Cooper, and Willett, 1951 ; Slater and Kunkel, 1953; Osserman and Lawlor, 1955; Owen and Rider, 1957 (Harrison, 1947) , the urine being filtered at its boiling point and the filtrate examined carefully for the presence of any precipitate which appeared on cooling and dissolved on reheating. The total protein was estimated by a modified turbidometric method (Kingsbury, Clark, Williams, and Post, 1926) , and all specimens, irrespective of the result of the heat test, were subjected to electrophoresis. Before electrophoretic analysis the protein was concentrated where necessary by dialysis of the urine at 4°C. in " visking " tubing against a saturated solution of gum acacia ; the extent of the concentration depended on the initial protein content. Three batches, each of 200 ml. pooled normal urine, which contained no detectable protein by the usual qualitative tests and which were normal on microscopy, were treated similarly for control purposes.
Paper electrophoresis was carried out according to the qualitative technique of Flynn and de Mayo (1951) and starch gel electrophoresis as described by Smithies (1955b Interpretation of the electrophoretic analyses of the urines from the patients was complicated by the presence of some normal serum proteins. 
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group.bmj.com on October 28, 2017 -Published by http://jcp.bmj.com/ Downloaded from form of ultrafiltration, but also the larger sample and the compactness of the bands must play a part. The first of these factors seems to be the most important in the resolution of myeloma urine protein into several fractions. Thus the experiments showing fractionation of the BenceJones protein contained on a narrow segment of a paper electrophoretic strip prove that the starch method is not merely detecting components too small to show up distinctly on paper.
Other workers have occasionally found more than one peak on electrophoresis of Bence-Jones protein, as mentioned earlier, but usually only when the pH of the buffer was below the isoelectric point (Putnam and Stelos, 1953; ten Thije, 1956; Vis and Crokaert, 1956) . Such a pH effect is not the explanation of these results, as the pH was 8.6 in our paper runs and 8.2 for the starch analyses. Confirmatory evidence of the heterogenicity of individual Bence-Jones proteins exists in many related studies using salting out, the ultracentrifuge, or immunological methods (Putnam and Stelos, 1953; Awapara and Jirgensons, 1954; Wunderly and Caspani, 1954; Steyn-Parve and ten Thije, 1955; Deutsch, 1955; Deutsch, Kratochvil, and Reif, 1955; ten Thije, 1956; Vis and Crokaert, 1956) .
Characterization of myeloma urine protein according to its relative electrophoretic mobility in a starch gel is much more precise than on paper because of the compactness of the bands. Mobilities as such are influenced by the presence of other proteins, which may cause displacement when their concentration is high, but the technique of running serum and urine side by side enables correct identification by noting if a given band is continuous across the junction. An example of this method is shown in Fig. 1 (A) 
Summary
Serum and urine proteins from 13 cases of multiple myeloma have been examined by electrophoresis on paper and starch gel.
Starch gel electrophoresis has shown that in many patients the abnormal proteins are multiple. Three sera and 10 urines had more than one abnormal component, and apparently homogeneous Bence-Jones protein isolated by paper electrophoresis was shown to consist of several fractions when run in starch gel.
In starch gel abnormal proteins in urine rarely correspond with those in the serum, even when the two have the same mobility on paper.
Starch gel electrophoresis gives better resolution than paper electrophoresis and has potential value in the diagnosis of myeloma. 
